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A METHOD AND A SYSTEM FOR INJECTING A GAS INTO A 
RESERVOIR 

TECHNICAL FIELD 

5 

The present invention relates to a method and a system for injecting 
a gas into a reservoir. 

The term reservoir should be regarded as any natural reservoir ex- 
10 isting in nature, in particular any underground reservoir. Oil reser- 
voirs as well as water reservoirs in the earth are included. Particu- 
larly included are reservoirs from which a natural resource is ex- 
tracted and which, as a result of such extraction, are subjected to an 
unwanted pressure decrease. 

15 

BACKGROUND OF THE INVENTION 

Oil production includes extracting oil from a reservoir, normally via 
one or more wells. 

20 

Normally, natural gas and water is extracted together with the oil and 
need to be separated therefrom. There are a plurality of different so- 
lutions regarding how and at which stage to separate the gas and 
water from the oil and how to make use of such gas. 

25 

As to the handling of the gas, the latter is traditionally either flared, 
stored and/or transported for further use, or re-injected into the res- 
ervoir. 

30 Gas flaring is not allowed in many regions and will probably be for- 
bidden in most regions in the near future for environmental reasons. 
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Transportation and/or storage of the gas will require the use of a 
compressor and a storage vessel and/or a pipeline for the transpor- 
tation thereof. Especially for off-shore plants or plants where the 
amount of extracted gas is low, such arrangements will suffer from 
5 low cost efficiency. 

Therefor, re-injection of the gas will in many cases be the most ap- 
propriate way of handling the extracted gas. Re-injected gas will also 
have the positive effect of contributing to the preservation of the pres- 

10 sure in the reservoir, something that is positive for the extraction of 
oil therefrom. However, traditional re-injection of the gas will require 
the use of a compressor and a separate injection well. The cost of 
such equipment is often much higher than the value of the gas, and 
can be an economical barrier to the development of m arginal oil 

15 fields. 

THE OBJECT OF THE INVENTION 

One object of the invention is to suggest a method by means of which 
20 a gas can be injected into a reservoir in a cost-efficient and reliable 
way, well competitive with methods according to prior art. 

There is also an object of the invention to suggest a system by means 
of which a gas can be injected to a reservoir in a cost-efficient and 
25 reliable way. 

BRIEF DESCRIPTION OF THE INVENTION 

The object of the invention is obtained by means of the initially de- 
30 fined method, which is characterised in that it comprises the step of 
producing a gas hydrate from said gas and injecting the gas hydrate 
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into the reservoir. Such a hydrate can be Injected Into the reservoir 
using only a liquid pump and without the need of a gas compressor. 

The term hydrate, as used in this context, comprises special inclu- 
5 sion compounds having a crystalline structure known as clathrate. In 
such a structure gas molecules are physically entrapped or engaged 
in an expanded water lattice network comprising hydrogen-bonded 
water molecules. The gas molecules, preferably light hydro-carbon 
gas molecules and other associated gases physically react with water 

10 at elevated pressures and low temperatures to form ice-like com- 
pounds. The hydrate particles shall be of such character that they 
melt and release the gas and water when the temperature is suffi- 
ciently increased. Thereby preservation or even an increase of the 
pressure in the reservoir into which the gas/gas hydrate is injected 

15 can be obtained. 

Preferably, the gas hydrate is produced by mixing the gas and water. 
Water has the advantage of having suitable physical properties for 
hydrate generation, being environmentally harmless and also, at least 
20 in connection to off-shore plants, being readily available. 

According to one embodiment of the invention, the gas comprises 
natural gas that has been extracted together with and separated from 
oil from an oil reservoir. In case the reservoir into which the hydrate 
25 is injected is the same as said oil reservoir there is not only a ques- 
tion of injecting gas, but of re-injecting it into the reservoir. The in- 
vention includes re-injection of the gas hydrate into the same reser- 
voir as the one from which the gas was originally extracted. 

30 In the case of a reservoir located off-shore, that is an off-shore plant, 
the water used should comprise sea water. Such water already has 
the advantage of having a fairly low temperature and being readily 
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available. However, cooled produced water could also be used instead 
of or as a complement to cold sea water. The water temperature 
should be below approximately 10 'C, preferably below 5 °C. 

5 Preferably, the water/gas ratio is chosen such that a liquid slurry 
consisting of water and gas hydrate is produced and that said slurry 
is injected into the oil reservoir. For natural gas and water, the pre- 
ferred maximum amount of gas is approximately 13 wt %, the water 
amount then being approximately 87 wt %. This is the upper limit. If 

10 natural gas hydrates are produced at high pressure and low tem- 
perature, the upper limit might be reached. Creating hydrates near 
the hydrate formation curve, the amount of gas in the hydrates will 
be considerably lower than this limit. In order to make the slurry 
easy to pump during the re-injection excess water and/or surface ac- 

15 tive chemicals may be added to the hydrate slurry. Also any thermo 
active agent may be added to the slurry. 

The hydrates can be produced from approximately 10 bar and higher 
depending on the temperature and gas mixture. Salty water will raise 
20 the hydrate curve and make it more difficult to create natural gas hy- 
drates. When the hydrates are produced they are relatively stable also 
at atmospheric pressure, and they are meta-stable for negative tem- 
peratures, T<0 "C. 

25 The hydrate can be produced, for example by injecting the gas into a 
water-filled system, or by injecting gas and water simultaneously in 
any suitable system or device. For example, the gas and water can be 
mixed in a venturi tube (jet pump), which can allow a lower operating 
pressure in a first stage separator (e.g. three phase separator for 

30 separating oil, gas and water). Other possible solutions of how to ac- 
tually produce the hydrate are those mentioned in for example the 
international patent application WO 93/01 153, Gudmundsson. 
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The object of the Invention is also obtained by means of the initially 
defined system, characterised in that it comprises a device for pro- 
ducing from said gas a gas hydrate, which is to be injected into the 
5 reservoir. The system preferably comprises means for conducting the 
characteristic steps of the inventive method. The device preferably 
comprises a vessel with inlets for the gas and the medium with which 
it will form the hydrate, for example water. It should also comprise a 
means for generating an elevated pressure required in the vessel for 
10 producing the hydrate. 

Accordingly, the gas hydrate producing device is adapted to mix the 
gas with water in order to produce the gas hydrate, preferably in such 
a way that easily pumpable hydrate slurry is obtained. 

15 

At least in the case of an off-shore plant, the system comprises 
means, preferably a pump or the like, for delivering sea water to the 
hydrate producing device. 

20 Normally, the gas comprises natural gas extracted together with oil 
from said reservoir, and the system comprises a separator for sepa- 
rating the gas from the oil. Hence, the gas will be re-injected into the 
same reservoir as it was extracted from. However, the invention also 
covers the case in which the gas is injected into any other or neigh- 

25 bouring reservoir. 

The system preferably comprises means for adding warm water, pref- 
erably production water or top side process water to the gas hydrate 
that is to be injected into the reservoir. Production water is water that 
30 has been extracted together with oil from an oil reservoir and then 
separated from the oil. Such water will have the effect of improving 
the injectivity of the slurry by melting the hydrates, making it easier 
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to re-inject the slurry without blockage or clogging in the re-injection 
well. The warm water and the hydrate slurry need not necessarily be 
in direct contact with each other. For example, the warm water, such 
as production water, can be conducted in annular tube or pipe ar- 
5 ranged directly outside the pipe for conducting the hydrate to the 
reservoir and thereby heating the outer peripheral regions of the hy- 
drate. Alternatively the warm water can be conducted in the inner 
tube and the slurry in the annular tube. As a matter of fact, accord- 
ing to one aspect of the invention any hot medium (process water, 
10 production water, hot cooling water, etc) may be used for the purpose 
of heating the hydrate slurry just before the latter is injected into the 
reservoir. Accordingly, a medium of significantly higher temperature 
than the hydrate slurry is brought into a heat exchanging relation- 
ship with said slurry before injection of the latter into the reservoir. 

15 

In the case of an off-shore plant for an off-shore reservoir, the gas 
hydrate production device is operating at a sub-sea level according to 
one embodiment. 

20 Further features and advantages of the invention are included in the 
following detailed description and in the appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

25 In the following, the invention is described in further detail with ref- 
erence to the drawing in which the only figure is a schematic diagram 
of the system of the invention according to one embodiment. 
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DETAILED DESCRIPTION OF THE INVENTION 

The figure shows a first embodiment of the system according to the 
invention. Also shown or indicated are parts of an oil extraction 
5 plant, the system being a part of that plant. 

The plant comprises a plurality of wells 1 forming a so called produc- 
tion tree and by means of which oil is extracted from a reservoir or 
cavity (not shown). Gas, water and other particulate material such as 
10 sand is normally also extracted as a bi-product to the oil. 

The wells 1 are connected via a pipeline 2 or the like to a first sepa- 
rator 3, which in this embodiment is a three phase separator for 
separating oil, water and gas from each other. Preferably, the sepa- 

15 rator is a gravity separator, but it should be understood that also 
other types of separators might be used instead or as a complement 
to the one shown in this embodiment. For example, a separator for 
separating solid particles such as sand from the extracted oil might 
as well be included in the three phase separator, which then becomes 

20 a four phase separator, or separately upstream the three phase sepa- 
rator. 

From the three phase separator the gas is conducted via a pipe 4 to a 
gas hydrate producing device 5. No compressor is needed. The device 

25 5 comprises a vessel into which the gas is injected. Inside the vessel 
there is an elevated pressure (above atmospheric pressure). Water is 
also introduced into the vessel. The device 5 preferably comprises a 
venturi tube for mixing gas and water, as shown in the figure. The 
device 5 is arranged at a sub-sea level or a top-side level and the wa- 

30 ter is sea water, which is pumped into the vessel by means of a pump 
6. In accordance with the results of recent research and development, 
a natural gas hydrate is thus formed by injecting the gas into a wa- 



7 



WO 02/18746 



PCT/IB01/01560 



ter-fllled system, here the vessel 5. In order to control the conditions 
in the vessel a water/ gas ratio control system (not shown) including 
pressure and/or temperature sensors, gas and water flow meters, 
and control apparatus for controlling the amount of introduced water 
5 etc. should be part of the inventive system. Hie water/gas ratio 
should be such that a gas hydrate-water slurry is formed in the de- 
vice 5. 

Even though the invention is applicable to all kinds of oil-fields, land 
10 based as well as off-shore fields, it is particularly advantageous for 
off-shore fields, where sea water is readily available and where re- 
injection of the gas into the oil reservoir is preferred instead of flaring 
or storage and further export via shipping or pipelines. Off-shore, the 
separator 3 and the device 5 could either be arranged top side at the 
15 platform or at a sub-sea level. The invention includes both alterna- 
tives. 

Top side arrangement results in no sub-sea processing. The required 
pressure, between 30 and 60 bar for normal sea water temperature, 
20 for generating the hydrate could then be used in the 1st stage gravity 
separator 3. The gas from further separators on the platform can 
then be used as fuel gas on the latter. 

For sub-sea arrangement of the device 5, the separator 3 and the 
25 pump 6 are preferably arranged at a sub-sea level as well. A sub-sea 
pump for pumping oil from the separator 3 to the topside is then 
likely to be needed. Therefor, such a pump 7 has been indicated in 
the figure. The sea water for injection can be obtained locally at the 
sub-sea installation or transported from the topside, enabling pre- 
30 treatment of the water. Such pre-treatment may preferably include 
the addition of surface active chemicals for improving the hydrate 
pumpability, removal of oxygen from the water, addition of biocides, 
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etc. Also a thermo active agent such as methanol might be added to 
the water. Accordingly, the Inventive system includes means or de- 
vices (not shown) for such pre-treatment of the water. 

5 From the separator 3 separated production water, which is warmer 
than the sea water, is conducted via a pipe 8 to, by means of a pump 
9, to a combined water-hydrate Injection device 10. The hydrate 
slurry formed in the hydrate producing device 5 is also conducted, via 
pipe 1 1 and by means of a pump 12, to the injection device 10. 

10 

The injection device 10 may be arranged in a plurality of ways. Here it 
is proposed to comprise a first tube 13 and a second tube 14 that are 
generally coaxial and define an Inner flow path for the hydrate slurry 
and an outer annular flow path for the production water. The warmer 

15 production water contributes to the melting of the slurry just before 
the latter entries into the reservoir. As a supplement or substitute for 
the means 8, 9, 10 for enabling the production water to heat the hy- 
drate slurry, the system may comprise any suitable means for ena- 
bling any hot medium, such as hot cooling water or any other me- 

20 dium already in use in an oil extraction plant or system, to exchange 
heat with the hydrate shiny. Chemicals or agents for melting the hy- 
drate could also be added to the hydrate slurry in the region of or 
downstream the pump 12. An example of such an agent is salt, 
methanol or glycol. 

25 

Alternatively the slurry is mixed with the production water. However, 
mixing with production water may result in precipitation of sulphate 
scale and hydrate melting near the top of the injection well. One so- 
lution to the scaling problem is to have a sulphate removal unit in- 
30 eluded in the system. Alternatively or as a supplement, a scale in- 
hibitor, known per se, is introduced into the system in which the 
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slurry and the production water are mixed. The system thereby com- 
prises any suitable means for adding such an inhibitor. 

Oil separated from the gas and the production water in the separator 
5 3 is further transported via one or more pipes 15 to a top side plat- 
form or all the way to land where it is taken further care of. Normally 
a plurality of additional separators (not shown) for further separation 
of rest gas and rest water will be needed somewhere downstream the 
first separator 3. Such additional separators are typically located on 
10 the platform in todays plants, but might as well be located at a sub- 
sea level in the future. 

Above, the invention has been described by way of example. A plural- 
ity of alternative embodiments will therefor be obvious for a man 
15 skilled in the, however without going beyond the scope of the inven- 
tion, as defined in the appended claims supported by the description 
and the drawing. 

For example melting of the hydrate slurry may begin as soon as the 
20 slurry has passed the injection pump 12 in order to promote efficient 
injection of the gas and water to avoid clogging. A plurality of ways of 
heating the sluny should be obvious for a man skilled in the art 
without going beyond the scope of the invention. 

25 The formation into which the hydrate slurry is injected could be any 
natural reservoir, such as a water reservoir located at a level above 
an oil reservoir from which the gas has been extracted. It also might 
be any hydro carbon reservoir, including an oil and/or a gas reser- 
voir. 
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PATENT CLAIMS 

1. A method of injecting a gas into a reservoir, characterised in that 
it comprises the step of producing a gas hydrate from said gas and 

5 injecting the gas hydrate into the reservoir. 

2. A method according to claim 1, characterised in that the gas hy- 
drate is produced by mixing the gas and water. 

10 3. A method according to claim 1 or 2, characterised in that the gas 
comprises natural gas. 

4. A method according to any one of claims 1-3, characterised in 
that the gas comprises natural gas that has been extracted together 

15 with and separated from oil from an oil reservoir. 

5. A method according to any one of claims 1-4, characterised in 
that the reservoir is an off-shore reservoir and that the water is sea 
water. 

20 

6. A method according to any one of claims 2-5, characterised in 
that the water/gas ratio is chosen such that a liquid slurry consisting 
of water and gas hydrate is produced and that said slurry is injected 
into the reservoir. 

25 

7. A method according to any one of claims 2-5, characterised in 
that at least one surface active agent is added to the water that is 
mixed with the gas. 

30 8. A method according to any one of claims 1-7, characterised in 
that the reservoir is an off-shore reservoir and that the production of 
the gas hydrate is performed at a sub-sea level. 
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9. A method according to any one of claims 1-8, characterised in 
that the hydrate is produced by injecting the gas into a water-filled 
system. 

5 10. A method according to any one of claims 1-9, characterised in 
that the reservoir into which the gas is injected is an oil reservoir. 

1 1. A system for injecting a gas into a reservoir, characterised in 
that it comprises a device (5) for producing from said gas a gas hy- 

10 drate which is to be injected into the reservoir. 

12. A system according to claim 11, characterised in that the gas 
hydrate producing device (5) is adapted to mix the gas with water in 
order to produce the gas hydrate. 

15 

13. A system according to claim 12, characterised in that the gas 
comprises natural gas extracted together with oil from an oil reser- 
voir, and that it comprises a separator (3) for separating the gas from 
the oil. 

20 

14. A system according to claim 13, characterised in that it com- 
prises a means (4) for conducting the gas from the separator to the 
gas hydrate production device (5). 

25 15. A system according to any one of claims 1 1-14, characterised in 
that it comprises means (8, 9) for adding production water to the gas 
hydrate that is to be injected into the reservoir, said production water 
having been extracted together with oil from an oil reservoir and then 
separated from the oil. 

30 
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16. A system according to any one of claims 1 1-15, characterised in 
that the reservoir is an off-shore reservoir and that the gas hydrate 
production device (5) is operating at a sub-sea level. 

5 17. A system according to any one of claims 1 1-16, characterised in 
that the reservoir into which the gas is injected is an oil reservoir. 
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